Introduction
============

Biologics, which represent new developments in genetic engineering and biotechnology, include T-cell modulators as well as tumor necrosis factor (TNF)-alpha (TNF-α) antagonists (eg, etanercept, infliximab, and adalimumab \[Humira^®^ (D2E7); Abbott Laboratories, Abbott Park, IL, USA\]). These bioengineered proteins target specific steps in the pathogenesis of severe immune-mediated disorders including psoriasis (PS), psoriatic arthritis, and rheumatoid arthritis (RA), and of several inflammatory autoimmune diseases such as Crohn's disease (CD).[@b1-dddt-7-195]--[@b3-dddt-7-195] The resulting promise that TNF-α antagonists have shown in the effective control of these inflammatory autoimmune diseases has revolutionized the treatment of these diseases. However, there is the potential for systemic toxicity with these therapies, related to the immunosuppressive effects, including serious infections and an increased risk of malignancy.[@b3-dddt-7-195]

The debate as to whether or not these systemic treatments increase a patient's risk of malignancy remains largely unresolved. Nevertheless, there has recently been considerable attention given to the growing evidence linking biological treatments with the occurrence of malignancies or the reactivation of latent malignancies, including malignant melanoma (MM).[@b4-dddt-7-195]--[@b7-dddt-7-195] The issues concerning the long-term safety of biologics remain to be clarified.

Adalimumab is a fully human recombinant immunoglobulin G1 (IgG1) monoclonal cytokine of the innate immune system that plays a key role in the surveillance of malignancies and the response to infections.[@b8-dddt-7-195] The authors herein report the case of a patient who developed a primary MM after treatment with adalimumab for severe refractory CD.

Case report
===========

A 54-year-old woman of European Caucasian ethnicity and Greek nationality and suffering from severe CD presented at the surgical department of the University Hospital of Alexan-droupolis, Greece, in February 2011 with an asymptomatic pigmented skin lesion just above the sternum. The lesion was 0.7 cm in diameter, with an irregular border and dark color variegation. The patient reported that she had a nevus at this site that had changed color and size during the previous year. She recalled this nevus being present in childhood and that it had a well-defined border and coloration. There were no risk factors for MM such as nevus phenotypic risk factors -- the patient had brown hair and eyes, she did not have freckling on the face as a child, she was able to tan easily and deeply, and she was resistant to burning. There was no high total nevus count on the body surface, no history of high environmental ultraviolet radiation exposure, and no personal or family history of MM or any dysplastic nevus syndrome.

The patient's medical history included severe ileal CD (involving approximately 35 cm of terminal ileum) that was resistant to successive medical therapies. She had suffered from CD for the previous 8 years and had been treated with adalimumab (40 mg subcutaneously every other week) for the previous 3 years. After the biological treatment, remission of active CD was achieved and no adverse events were observed. The patient was one of a total of 78 patients with severe CD treated with an anti-TNF regimen (47 of these patients were receiving adalimumab) at this time in the Inflammatory Bowel Diseases Unit in the University Hospital of Alexandroupolis.

The skin lesion was excised and histology of the biopsy specimen showed a MM (Breslow thickness of 1 mm, Clark level III), potentially arising on a preexisting nevus. Adalimumab was discontinued and the patient was treated with budesonide (Budenofalk^®^; Galenica, Athens, Greece) (enteric-coated capsules 3 mg) 9 mg daily for 8 weeks, following consultation with a gastroenterologist. A wider excision of the lesion, with a 2.5 cm margin, was performed and this was followed by a bilateral axillary lymph node biopsy. The bilateral axillary node biopsy samples were negative for melanoma. The patient subsequently underwent a whole-body computed tomography scan, which was negative for metastatic disease. The results of laboratory investigations were within normal ranges. The patient received no other treatment for MM and was monitored closely.

The clinical examination and the laboratory and imaging investigations performed at the 3- and 6-month follow-up appointments were negative for disease recurrence or metastatic foci. However, the patient presented with a relapse of CD with bowel obstruction within the 2-month period of receiving budesonide therapy; surgical treatment was proposed and discussed in an oncologic multidisciplinary team meeting held at University Hospital of Alexan droupolis, Greece. An uncomplicated right hemicolectomy with anastomosis of the proximal ileum and transverse colon was performed in September 2011.

The oncologic multidisciplinary team did not approve postoperative treatment with azathioprine, which was the proposed by gastroenterologist for CD, and therefore the patient received no medical treatment after the surgery. The patient is currently in remission for CD. A total colonoscopy performed in December 2011 and again in July 2012 revealed no sign of active CD and the patient remains closely monitored.

Discussion
==========

The literature includes several reports examining the carcinogenic risk linked to biologic therapy. Most of these nonrandomized studies concern PS and RA patients, including children, who developed hematologic malignancies, nonmelanoma skin cancer (NMSC), or melanoma after treatment with TNF blockers.[@b1-dddt-7-195]--[@b4-dddt-7-195]

TNF-α is a cytokine of the innate immune system that is critical in the surveillance of malignancies and infection. TNF-α antagonists specifically bind to both the soluble and the transmembrane forms of TNF-α and include infliximab, etanercept, and adalimumab. Currently the main indications of these TNF-α antagonists remain RA, PS, psoriatic arthritis, and CD. The adverse events are relatively mild, while serious infections such as tuberculosis, malignancies, and neurological disorders may complicate the therapy with biologic agents.[@b1-dddt-7-195]--[@b3-dddt-7-195],[@b9-dddt-7-195] TNF-α antagonists have been shown to reactivate latent tuberculosis, which in most cases occurs within the first 90 days after therapy has commenced.[@b10-dddt-7-195],[@b11-dddt-7-195]

Although evidence for the promotion of tumorigenesis with biologics is still vague, and although the relevant studies reported in the literature lack the statistical power required for large clinical trials and long-term follow-up investigational periods, there have been various case reports that give support to the logical hypothesis that TNF-α inhibitors can permit malignancies to occur.[@b2-dddt-7-195],[@b3-dddt-7-195],[@b12-dddt-7-195],[@b13-dddt-7-195]

While the mechanism underlying the action of TNF-α antagonists has been summarized in the dermatological literature, long-term studies concerning the malignancy risks associated with these agents have been more extensively explored in the RA population.[@b3-dddt-7-195] For instance, a systematic review and meta-analysis of nine randomized controlled trials that assessed the adverse events with infliximab and adalimumab in patients with RA suggested the presence of increased risks of malignancies and severe infections.[@b12-dddt-7-195],[@b14-dddt-7-195] However, other investigators do not agree there is an association.[@b15-dddt-7-195]

Furthermore, few of the reports involving patients with RA have concluded that there is an increased risk of NMSC and reactivation of latent malignancies (eg, elanoma) in patients receiving TNF-α antagonists.[@b1-dddt-7-195],[@b3-dddt-7-195],[@b16-dddt-7-195]--[@b21-dddt-7-195] Whether the findings extracted from RA studies translate to an increased risk in patients suffering from PS is still a matter of debate.[@b3-dddt-7-195] Studies on PS in the literature exploring the risk of cancer associated with TNF-α antagonists similarly lack the statistical power required for large clinical trials. It has also become clear that PS itself places patients at risk of malignancy.[@b3-dddt-7-195] However, there are several case reports that support the theory that anti-TNF-α therapy can induce or reactivate latent malignancies.[@b2-dddt-7-195],[@b17-dddt-7-195],[@b22-dddt-7-195]--[@b25-dddt-7-195] Furthermore, most studies examining the carcinogenic risk of TNF-α inhibitors suggest that TNF-α inhibitors can slightly increase the risk of cancer, including NMSC and hematologic malignancies.[@b3-dddt-7-195]

The relationship between lymphoma and TNF-blockers has also been documented in a few case reports of PS patients.[@b26-dddt-7-195] Girard et al[@b26-dddt-7-195] reported a case of a patient with long-standing PS who was diagnosed with a lymphoma after initiation of a TNF-α blocker. In 2007, Fulchiero et al[@b2-dddt-7-195] first reported the late recurrence of eruptive locoregional metastatic melanoma in two patients after initiation of TNF-α antagonists for PS in one of the patients and RA in the other.

The association between lymphoproliferative disorders and T-cell modulators has been studied mostly in the RA and CD populations. Infliximab and adalimumab are both therapeutic options for refractory CD. It is well known that inflammation in CD is associated with high levels of tissue TNF-α expression, and therapies directed against this cytokine have recently become the focus of interest. Infliximab, a chimeric (75% human and 25% murine protein) IgG1 monoclonal antibody against TNF-α, is the prototype anti-TNF-α agent. Shown to be effective for both induction and maintenance of fistula closure in approximately two-thirds of patients, infliximab has now become the cornerstone in medical therapy for fistulizing CD. However, some patients with fistulizing CD are resistant or intolerant to infliximab. Recently, adalimumab, a fully human, subcutaneously delivered IgG1 monoclonal antibody that binds with high affinity and specificity to TNF but not to lymphotoxin, has been proved to be a safe and effective treatment for induction and maintenance of remission in adult patients with moderate to severe CD (luminal and/or fistulizing) who are resistant to conventional therapy or intolerant to infliximab.[@b27-dddt-7-195]

Debate on the association between the risk of lymphoma and TNF-α antagonist therapy continues. Diak et al[@b9-dddt-7-195] reported cases of nongastrointestinal malignancies in children with juvenile idiopathic arthritis and inflammatory bowel disease treated with TNF-α blockers, with only one case of MM that developed in a 14-year-old child with CD receiving infliximab.[@b9-dddt-7-195] Although it was concluded that therapy with TNF-α blockers in children might be associated with the development of malignancy, a clear causal relationship was not established.

Several studies have found an increased incidence of NMSC in patients with RA.[@b16-dddt-7-195],[@b21-dddt-7-195] Furthermore, the development of multiple keratoacanthomas and squamous cell carcinomas has also been reported in patients with RA and PS after the initiation of etanercept or infliximab therapy.[@b17-dddt-7-195],[@b19-dddt-7-195] Also, it is well established that quiescent or previously treated melanoma can be reactivated by immunosuppressive therapy after solid organ transplantation.[@b18-dddt-7-195],[@b28-dddt-7-195]

However, a causal relationship between TNF-α inhibitors and the development and progression or the reactivation of MM has not yet been described. The authors are aware of few reports in the literature of an association between MM and TNF-α blockers. Fulchiero et al[@b2-dddt-7-195] reported two cases of reactivated MM in patients treated with etanercept for PS and adalimumab for RA. Gordon et al[@b29-dddt-7-195] reported a case of primary MM in a patient receiving adalimumab for PS. Kowalzick et al[@b30-dddt-7-195] reported the occurrence of MM in a patient treated consecutively with infliximab, adalimumab, and etanercept for PS. Khan et al[@b31-dddt-7-195] reported another case of primary MM in a patient treated with infliximab for RA. Finally, Katoulis et al[@b1-dddt-7-195] reported the development of two primary MMs after treatment with adalimumab in a patient with RA.

To the best of the present authors' knowledge, this is the first reported case of primary MM occurring after treatment with a TNF-α blocker (adalimumab) in an adult patient with CD. Despite the controversial role of TNF-α inhibition in the development of MM, there is strong evidence that the initiation of TNF-α blockers in the treatment and control of any serious autoimmune condition potentially causes an increased risk for skin and other malignancies.[@b32-dddt-7-195],[@b33-dddt-7-195] Therefore, patients receiving immunosuppressive therapy should be closely monitored, with follow-ups including skin examinations.

Conclusion
==========

In conclusion, therapy with TNF-α blockers may be associated with the development of malignancies or the malignant transformation of benign lesions. Although the risk seems low and is therefore difficult to uncover in clinical trials, clinicians must weigh the possibility of malignancy against the severity of the underlying disease. Moreover, biologics are contraindicated in patients with confirmed malignancy or premalignancy states. Further long-term controlled clinical trials and registries are required to investigate this potentially serious association.
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